Telomerase activity is known to be implicated both in cell immortalization and carcinogenesis. Telomerase activity has not been detected in most human somatic tissues. However, we previously confirmed that the activity is present both in methylazoxymethanol acetate-induced rat colonic adenocarcinoma and non-treated colonic mucosa, presumably indicating the tissue-specific activity of the enzyme in rats. To determine the standard activity of rat telomerase in various organs in relation to differences in sex, age and strain, we examined the activity by using the telomeric repeat amplification protocol (TRAPI assay. The testis, liver, and colon mucosa showed the activity. The brain had very low or negative activity in 5-week-old male rats of the F344, SD, Wistar, Donryu or ACI strains. Age (5-weekold and 9-month-old) or sex difference for the activity was not apparent in rats of these strains. In general, telomerase activity in the fetal brain, liver and kidney was stronger than in the adult organ. The telomerase activity of each organ was different from that of human. This difference may indicate that the rat has a specific mechanism for maintaining the telomeric repeats of the chromosome even in somatic tissues. The basic information resulting from this study may be useful for the study of the role of telomerase in tumorigenesis in animal experiment models.
The termination of a eukaryotic chromosome is characterized by a structure, with species-specific repeat sequences, called telomeres, which have an essential role for chromosomal stability and function. In vertebrates, the telomere generally has (TTAGGGln repeats and its length is estimated to be long (20-100 kb), except for humans, sea urchins, some chickens and some mice, where they are 3-10 kb in length (Allshire et 01. 1988 , Starling et 01. 1990 . A rat chromosome has 20-100 kb telomeres (Makarov et 01. 1993 , Correspondence to: NatsuKO Suzui, The First Department of Pathology, Gifu University School of Medicine, 40 Tsukasamachi, Gifu City, 500-8705 Tapan. Tel: 81 58265 1241 (Ext, 2235 . Fax: 81 58265 9005 Lejnine et 01. 1995) . It is estimated that approximately 50-200 nucleotide of telomeres will be shortened by one cell division (Harley et 01. 1990 , Lejnine et 01. 1995 . The shortening of telomeres with ageing has also been recognized in vivo (Hastie et 01. 19901 .It is speculated that chromosomes lacking telomeres undergo fusions, rearrangements and translocations, and lose their functions eventually. However, the telomeres of mammalian germ cells are considered to be longer than that of somatic cells, since the former express a ribonucleoprotein enzyme, termed as telomerase. This enzyme contains an RNA component as a template, and is able to supplement telomeric sequences at 3'chromosome ends (Greider & Blackburn 1985 , Morin 1989 . Accepted 28 July 1998 Recently, a highly sensitive polymerase chain reaction (PCR)-based telomeric repeat amplification protocol (TRAP) assay has been established [Kim et a1. 1994) . This technique is expected to detect malignant neoplasm, since the activity is shown only in malignant tumors, but not in normal somatic cells, except germ cells (Kim et a1. 1994, Shay & Wright 19961 . Meanwhile, telomerase activity is found even in human lymphocytes of peripheral blood (Counter et a1. 1995 , Hiyama et a1. 1995 , Igarashi & Sakaguchi 1996 and inflammatory skin tissues (Taylor et a1. 1996) . We also observed the telomerase activity both in methylazoxymethanol acetate-induced rat colonic adenocarcinoma and non-treated somatic colonic cells (Yoshimi et a1. 19961 .Moreover, it has been reported that most of the tissues in mice have telomerase activity (Chadeneau et a1. 1995 Animal models have been widely used for the tumorigenesis study, while the mechanism of rat telomere maintenance in animal models remains unclear. Therefore, it may be important to investigate telomerase activity in experimental animal models. In the present study, we examined the tissue-specific telomerase activity and the differences among five strains (F344, SD, Wistar, Donryu and ACI), sex and age in rats.
Materials and methods

Samples
Male and female F344, SD, Wistar, and Donryu rats were obtained from Japan SLC Inc. (Hamamatsu, Japan) and ACI rats from CLEA Japan Inc. (Tokyo, Japan). All rats were sacrificed under anaesthesia (diethyl ether or chloroform) after 19 days of pregnancy, or at the age of 5 weeks, 10 weeks, or 9 months. Each organ (see Table 1 ) was carefully removed. The mucosae of the digestive organs were scraped by a sterile surgical knife and all tissue samples were immediately treated with liquid nitrogen and used for protein extraction.
Protein extraction and TRAP assay
Protein extraction and the TRAP assay were performed as described previously (Kim et a1. (+ +) high activity, (+) low activity, (-) very low or negative, n.d. = not done 1994, Yoshimi et a1. 19961.Briefly, the tissues were washed once with an ice-cold buffer (10 mM HEPES-KOH pH 7.5,1.5 mM MgCl2, 10 mM KCl t and 1 mM dithiothreitol) and centrifuged. Then the tissues were homogenized in an ice-cold lysis buffer (10 mM Tris-HCI, pH 7.5, 1 mM MgCh, 1 mM EGTA, 0.1 mM phenylmethylsul£onyl fluoride, 5 mM p-mercaptoethanol, 0.5% CHAPS and 10% glycerol). The homogenate was incubated on ice for 30 min and then centrifuged at 15000 g for 30 min at 4°C. The supernatant was used for the measurement of the protein concentration to obtain a constant amount of protein for the following reaction according to the manufacturer's procedure (BCA protein assay, Pierce Chemical Co.). One microgram of aliquot was added to 39 fll of reaction solution containing 20 mM Tris-HCI (pH 8.3), 1.5 mM MgCh, 63 mM KCl, 0.005% Tween 20, 1 mM EGTA, 50 flM dNTPs, 1 flg of T4 gene 32 protein (Boehringer Mannheim), 5 Ilg of bovine serum albumin and 0.1 flg of TS oligonucleotide (5'-AATCCGTCGAGCA-GAGTT-3'). After 30 min of incubation at 23°C for a telomerase-mediated extension initiated from annealed TS oligonucleotides, the reaction mixture was heated at 99°C for 5 min. For the radiolabelling of the PCR products, 10 /-llaliquot of PCR mix (1 x PCR buffer, 0.2 /-llof [a:_ 32 P]dCTP (10 /-lCi/~tl, 3000 Ci/mmol, Amersham Int.), 2.5 U of Taq DNA polymerase, and 0.1 /-lgof CX primer (S'-(CCCTTA)3CCCTAA-3')were added to each sample and subjected to 30 PCR cycles (94°C for 30 s, 50°C for 30 s, and noc for 90 s). The PCR product was electrophoresed on an 18% polyacrylamide non-denaturing gel (20x 20 em; Owl Scientific, Inc. Woburn, Massachusetts, USA).The gel was exposed to an X-OMAT film (Eastman Kodak Co., Rochester, New York, USA) after being dried. The size marker pUCI90NA/Msp I (MBI Fermetas) used was labelled with [y-32P1ATP ( > 100 /-lCi//-lI, 7000 Ci/mmol, ICN Biomedical Inc.). For non-radioisotope examination, PCR mix without [a:-32 p]dCTP was added to each sample after telomere elongation; then PCR and gel electrophoresis was done followed by the same procedure. The gel was stained with an SYBR ™ Green I (Molecular Probes, Inc.) and photographs were taken by a Kodak Digital Science™ OC40 camera and 10 image analysis software (Eastman Kodak Co.).
We tested at least three animals per strain and repeated the assay to avoid false reactions. To search the contamination of tissuederived inhibitors of the TRAP assay, we checked the mixing samples with telomerase positive cell extract (Yoshimi et al. 1996 , Nakatani et al. 1997 .
Results
Apparent telomerase activities were observed in the liver, testis and colon mucosa of each 151 strain of rats, but the activity of the brains was very low or negative (Fig 1) .The activity of each organ was almost the same level across the five strains; F344, SO, Wistar, Oonryu and ACI ( Fig I) , but it varied slightly among animals (data not shown). In this study we tested the telomerase activities of various tissues in both a lO-week-old male and a five-week-old female F344 rat, since this strain is widely used in animal models. The results are summarized in Table 1 . These activities were detectable in 10 out of 13 organs of the male and in 8 out of 12 organs of the female rats. The telomerase-positive organs were almost the same between the male and female rats. Checking the mixing samples with telomerase-positive cell extracts, we saw that only the pancreatic extracts did not show the telomeric ladder, and it seems that these extracts contained inhibitors such as RNase or Tag polymerase inhibitor. In Fig 2, the telomerase activity of representing organs, such as liver, brain, colon, testis or ovary, is shown. Although the significant difference of the telomerase activity in both sexes was not found in each of the organs.
In this study, the livers, testes, brains and colonic mucosae of nine-month-old F344 rats were assayed to determine the change of telomerase with ageing. We did not find any significant difference between 5-week-old and 9-month-old rats (Fig 3) . For SO, Wistar and ACI rats, the same level of activities as F344 rats were detected in 9-month-old animals, too (data not shown). The activity of the liver, brain, whole intestine and kidney in prenatal development was also examined.~~w data here suggest that such differences of sensitivity to carcinogenesis are not due to telomerase activity, and the sensitivity may be caused by another mechanism such as the different activity of the chemical metabolism (Gutmann et a1. 1972, Weisburger et a1. 19721 . Five-week-old rats are thought to be more sensitive to the chemical carcinogens than rats of any other age. Nevertheless, in the present study, telomerase activity did not accompany significant difference by age, implying that telomerase activity in rat organs is not associated with sensitivity to chemical carcinogens. It is known that first sexual excitement in rats occurs at the age of 40-65 days, and sexual maturation starts at the age of 80 days (Poole 1987). Prowse and Greider (1995) reported that the telomerase activity in The fetal (19 days) activities of the liver, brain and kidney were stronger than in those of young adult and adult rats. The fetal telomerase activity of the intestine was lower than that of the colonic mucosa of 5-week or 9-month-old rats.~~> ) , 5 weeks, 10 weeks and 9 months. The telomeric ladders were detected by SYBR™Green I staining mouse testis was not detected at the age of 4 weeks but at the age of 6 weeks, and the level of detectable activity was in agreement with an increased mass of spermatocytes. However, in this study, the activity in the rat testis was detected at the age of 5 weeks and was still present at the age of 9 months, suggesting that spermatogenesis in rats may occur before the age of 5 weeks. In this study, the fetal activities of the telomeres, except in the whole intestine, were stronger than in the adult. Fetal whole intestine may contain other components with little or no telomerase activity, other than in the mucosa. The pancreatic extracts mixed with telomerasepositive cell extracts did not show the telomeric ladder, suggesting that the extracts contained inhibitors such as the RNase or Tag polymerase inhibitor. In humans, telomerase activity is present both in germ tissues and embryonic tissues but is not detected in other tissues (Wright et ai. 1996) . The presence of the higher levels of telomerase activity in 19-day fetal rat tissues suggests that the reduction of telomerase activity occurs after birth. However, this reduction is not complete because many adult tissues still possess telomerase activity. Recently, it was reported that telomerase activity presented in the regenerative stem cell of each organ (Harle-Bacher & Boukamp 1996 , Hiyama et al. 1996 , Taylor et al. 1996 , Yashima et al. 1997 . The positive activity in rat tissue may be associated with the strength of the telomerase of stem cells or with the number of stem cells. Although telomerase activity is not detected in human somatic cells (Kim et al. 1994 , Shay & Wright 1996 , Prowse et al. and Chadeneau et al. reported telomerase activity in mice (Chadeneau et al. 1995 , Prowse & Greider 1995 . In our study here, we observed that some somatic tissues of rats have telomerase activity. This may indicate that the regulation of telomerase activity in rodents is different from that in humans. Human diploid fibroblasts predominantly undergo replicative senescence (Hayflick & Moorehead 1961), while the fibroblasts of rodents, such as rats and mice, may be easily immortalized by continuing the replication. Thus, the telomerase of rodents may be frequently 153 affected by the direct action of natural and chemical immortalization compared with human cells (Kakunaga 1978) . Blasco et al. (19971reported the phenotype of a transgenic mouse deleted for the mTR gene, which encodes the essential RNA component. They indicated that telomerase is not necessary for tumour formation in mice. In the somatic cells of rats, tumorigenicity may also be controlled by the mechanisms of telomerase activity-independent pathways. Hayflick L, Moorehead PS (1961) Kaiser L, et al. (1997) Telomerase expression in respiratory epithelium during the multistage pathogenesis of lung carcinomas. Cancer Research 57, 2373-7 Yoshimi N, Ino N, Suzui M, et a1. (1996) Telomerase activity of normal tissues and neoplasms in rat colon carcinogenesis induced by methylazoxymethanol acetate and its difference from that of human colonic tissues. Molecular Carcinogenesis 16, 1-5
